Introduction
How should we think of the material world? How to conceive of nature, objects, technology, bodies -the 'stuff' of social life? This is a question which the social sciences have become increasingly comfortable tackling. And none have tackled it with quite the same wide-eyed enthusiasm as those theorists working on what became known (to Anglo-American users) as actor-network theory.
1 The originality and charisma of those writings has made that enthusiasm quite contagious, and as a consequence ANT's picture of the material has permeated much contemporary sociological thinking which concerns itself with science, technology, organization, or some blend of the three. In many ways this is a good thing. ANT has shown that ontology can be successfully liberated from scientists and professional philosophers (whose accounts can be inaccessibly technical or bafflingly obscure) and explored through sensitive empirical inquiries. It has pointed to ways in which questions about materiality can be made amenable to sociological analysis. But the type of ontology which ANT has elaborated can often appear as much a child of its intellectual climate as an outcome of such empirical research. That is to say, ANT's ontology has a distinctly late 20th century flavor, characterized by a commitment to relational-holism, which, I believe, fails to capture fully much of what is significant about the material world. It is my intention to lay out, despite the heterogeneous nature of the perspective, the ontological assumptions which link most 'ANT and after' thinking. With that picture clear I then want to elaborate another materiality practiced by industrial designers which, I believe, could be a powerful internalist counter-weight to ANT's heavy handed, and often unexamined, relationality.
ANT's Materiality
A great deal of contemporary qualitative sociology and social theory is underwritten by some degree of relational-holism. Certainly ANT is not alone in taking its lead from the processualholistic philosophies of the past hundred or so years: the line of thought that re-emerged with Nietzsche, Bergson, Alexander, Whitehead, Heidegger, and the more speculative writings of the American pragmatists (Dusek, 2006:208-9) . But it is in ANT work, perhaps more than anywhere else, that such thinking has been taken to its full sociological conclusions. 2 In as much as it is relevant for our present purposes we can think of ANT's relational-holism as a series of interrelated ways of thinking about the material world:
An ontological holism. Particular entities are thought of as the consequences of, and as characterized by, some wider fabric of relations.
A nominalism or localism. As a consequence of the relationality of entities similarities (or differences) between particular things or happenings rest, ex post, upon facts external to those things or happenings.
And it is with such a conception of particulars that ANT is able to perform some its more intriguing analytic moves. For instance such bundle-thinking enables analysts to sidestep the content-context distinction (and so, at times, that between nature and society). Aramis was not, for Latour (1996) , an entity which failed because the context in which it was situated became hostile. Rather those things which might be called context folded together to constitute it, and as those relations withdrew, Aramis 'died'. Law's Portuguese carracks (1986; 1987) provide another canonical ANT example, being as much politics, mathematics, ocean and wind as wood and sails. Again, de Laet and Mol's (2000) Zimbabwe bush-pump study depicts an entity at once small enough to load into the boot of a car and again as large as the Zimbabwe nation itself, as new relations are explicated. What seemed -to the more ontic observer -a bounded individual object which moves with integrity through different environments, now appears 'fluid'. It contains its environment (Ibid:252, 262 ) and so as that changes, so does the pump. Because such entities are the effects of relations -because they are characterized by those others to which they relate -there is no need to speak of a context or an 'outside'. They already 'are' everything which is relevant to them.
Similarly such thinking breaks down the distinction between perceiving subjects and objects perceived. Pasteur's encounter with the lactic-acid ferment (Latour, 1999a:113-44) was not characterized by a 'phenomenon' in which human reason came into a corresponding relation with an indifferent thing-in-itself. Rather, employing Whitehead's formulation (Whitehead, 1929; Latour, 2005b; Stengers, 2002) , it was a 'concrescence' -an 'event' in which all entities relevant to the encounter were modified. A similar, less complex, example is offered by Latour (2004b) is his re-reading of Teil's (1998) account of perfume industry-training. The notion of articulate or inarticulate propositions (as opposed to true or false statementsanother loose borrowing from Whitehead) is employed here to suggest a more or less fluid infra-emergence of characteristics: "acquiring a body is thus a progressive enterprise that produces at once a sensory medium and a sensitive world" (Latour, 2004b:207) . Primary qualities and intrinsic properties are pushed aside in the interests of mutually elaborated compositions. It is in relations that odors and noses emerge -are articulated -and Latour is quick to emphasize that this is an ontological, not a linguistic, affair.
The Different, the Same and the Local So ANT's objects (and subjects) are relational entities. They are 'things' in Heidegger's (1971a Heidegger's ( , 1971b sense (gatherings), rather than 'objects'. 4 A Portuguese carrack on land is not the same object once it is in the Atlantic Ocean, which itself is altered by the presence of the ship. A more or less radical nominalism follows on from this. The kernel of such a view is offered up by Nietzsche (1996:22) who speaks of "the error... that there are identical things (but in fact nothing is identical with anything else)... The assumption of plurality always presupposes the existence of something that occurs more than once: but... here already we are fabricating beings, unities which do not exist". In a world in process, populated by completely relational entities without intrinsicality or essence, it would be illogical to make the jump from similarity to identity (Nietzsche, 2001:112-3) -to talk of various particulars, events, or causes, as being the 'same'. This formulation is reaffirmed explicitly by Latour (1988b:162) : "nothing is, by itself, the same as or different from anything else. In other words, everything happens only once, and at one place... If there are identities... they have been constructed at great expense". In other words, because there is nothing intrinsically characteristic of any particular -they are characterized only in terms of their relations with others -there are no extra-relational grounds for two particulars comparison. And so there can be no presumption of identity between DNA in 1900 and DNA in 2000, between an anthrax bacillus in Pasteur's laboratory and one in a sheep's intestine, or between a bushpump in the boot of my car and one that I have subsequently unloaded and installed in a town-square. These entities are all constituted in different networks of relations and so are themselves different. In as much as we can speak of similarity this is a consequence of some costly co-ordinating work: "if it sometimes appears that there are singular objects and singular subjects then, somehow or other, object positions and subject positions have overlapped and been linked" (Law, 2002a:36) .
So we have a nominalism in which identity is discarded in the face of a processual relationality. Sameness and difference do not reside in the nature of things. In as much as they exist they are staged ex post. And it is as a consequence of this logic that one of ANT's most strident criticisms of the claims of science emerges: its 'experimental localism' (Guala, 2003) . Because if everything happens only once and in one place -if no two objects or events can ever be considered identical -then the claims of (particularly the physical) sciences to have uncovered universal laws of nature are dubious. These laws generally prescribe robust probabilistic or deterministic regularities in events, generalized from carefully staged experiments. But both regularities and generalizations are problematic for the kind of nominalism to which ANT is committed. Regularities presume stable identities to things and events, and generalizations presume that such identities can move relatively unmolested from context to context. Latour's approach to this problem is to describe regularities and generalizations as the carefully crafted outcomes of networks which, extended painstakingly from local spot to local spot, replicate as much as possible the original local relations from where the story began. Pasteur established the 'universal' validity of his anti-anthrax vaccine by extending his local laboratory out into the field (Latour, 1983 (Latour, , 1988a . Universals are not, in this view, discoveries as much as constructions. They are painstakingly built 'empires' (Latour, 1988c:162) -extensions of local relations from setting to setting.
The Material is Made
So for ANT the material is relational, without intrinsic properties. And so there are no a priori identities. If we can speak of sameness, repetition, or regularity then these have been constructed at cost through the local extension of networks of relations. The next aspect of ANT's conception of the material -a more general privileging of construction over discovery -follows on logically from this. Now it seems at times that ANT (in particular the latter Latour), like Rorty (1996) , wishes to present an enterprise in which the distinction between 'finding' and 'making' is discarded. We should not be labeling everything as constructed, and nothing as discovered, as that would be to emphasize the very distinction which we would like to supersede. Indeed at times Latour seems to be suggesting that creation and discovery are simply the contrasting effects of two differing narrative strategies (Kennedy, 2002:26-7) . The 'making' narrative happens to offer a number of useful analytic benefits (Latour, 1999a:113-73 ) over that of 'finding' (we no longer have to distinguish between belief and knowledge or history and ontology, and the work of science is better brought into view).
However, given what we have already know of ANT's ontology such a neutral 'contrasting narratives' line is untenable. There is simply no coherent sense in which we could ever say, given such a commitment to relational materiality, that Pasteur discovered microbes. As we have already seen, an entity with which humans have no relations is not the same entity once humans encounter it. The world ANT describes is one in flux in which every new encounter creates. To talk of discovery would be to posit an 'external relation' in Russell's sense -it would be to suggest that the relation between an object and its discoverer is 'external' to both, requiring us to accept that the identity of both remained unchanged by that relation (Johansson, 2004:112) . But as we have seen there is no notion more antithetical to ANT's ontology. And so discovery is an impossibility. When Latour (1999a:146) suggests that "we should be able to say that not only the microbes-for-us-humans changed in the 1850's, but also the microbes-for-themselves. Their encounter with Pasteur changed them as well", this is not a convenient methodological choice as much as a theoretical necessity (in much the same way that we are forced to say that Newton did not uncover regularities in the world as much as set off a fevered extension of Newtonian relations across the world). In as much as ANT is based upon a relational-holistic ontology, begetting a radical nominalism, it is forced -to some important extent -to always privilege making over finding in its accounts.
And it is here, hinted at earlier, that ANT's 'multiple ontologies' emerge. There is no selfsufficient relation-neutral object 'out there' with which we could relate without altering it. To believe otherwise would be to engage in the 'perspectivalism' which Law (2002a:35) contrasts to ANT's 'semiotics'. From ANT's semiotic point of view these engagements (representations, accounts, tests...) perform whole new objects. Such engagements must, as we have seen, be constructive rather than uncovering. And so the more we engage with an entity, in a sense, the more we multiply it:
Perspectivalism solves the problem of multiplicity or difference by reconciling or explaining different views or perspectives because it says that they are looking at a single object from several points of view. Semiotics says that different objects are being produced, and then asks how, if at all, they are connected together in order to create a single object. (Law, 2002a:35) Mol's (2002) study of the diagnosis and treatment of atherosclerosis works through this idea at some length. Throughout the hospital there are many atheroscleroses. This is not a cute metaphor pointing towards various approaches to, or perspectives on, a singular atherosclerosis, a single patient, or a single body. This would be to think in terms of stable identities, external relations and discovery. Rather they are various objects "enacted" (Ibid:32-33) in practices.
5 They are enacted in complexes of local relations, traveling as far as those relations can sustain them. As new complexes come together so too are new atheroscleroses articulated.
And so we have in ANT a picture of the material which is thoroughly relational. Material particulars are established completely through internal relations. So identity gives way to a processual nominalism, and the nature of entities becomes a matter of after-the-fact negotiations. Consequently all engagements create something anew. A radical constructivism is necessitated. Although painted in very broad strokes -and in some shades foreign to the original texts -we have here a basic picture of the materiality which ANT trades in as a means of better understanding the work of science, engineering and organization. What I want to do now is to present another materiality: a theory implicit in the practice, and explicit in the accounts, of senior industrial design students. 
Designing with Materials and Bodies
Discussing ANT, I have been talking about materiality in a more or less abstract sense. But when designing it seems that such a mass material is given. What becomes crucial is material in its countable form: the varied, but specific, substances from which objects can be made. For instance, Nicolas has spent the better part of a year designing a chair.
7 A number of chairsketches are pinned up around his workspace, and to one side there is a fairly imposing mound of 1x1 polystyrene chair-models (we'll get to these latter). At the time he was also working on a more time consuming prototype mold. But the first thing he wanted to show me was a novel material which, for reasons of intellectual property, I will call material z (figure 1). The bulk of the chair will be made from z, and it seemed clear that z was the most interesting aspect of the design. For a start it is a politically and economically interesting material -it is recycled from waste sourced from economies in need of innovative exports. But more importantly for our present discussion Nicolas found z to be an interesting material from which to produce a chair. The material, where flat, has a certain degree of flexibility. Where it curves it gains a certain rigidity. This spectrum of flat to curved -flexible to rigidsurfaces is exploited throughout the design. (And to be clear, what Nicolas has exploited is not that spectrum in general -the fact of that relationship which is common to many materials -but rather the range specific to z.) Inari is also building a chair, incorporating an unusual material (y). Her project began, unconventionally, with a range of materials which were matched up to a range of different design concepts. Eventually material y, as a component in a piece of public furniture, suggested itself as the most promising combination. This early planning, and the more specific process of designing the chair, followed an arc in which y was increasingly scrutinized.
Inari: I narrowed it down to like, five top materials. And then for each of those five materials I mapped out their material characteristics. Um, like whether they're durable, or UV resistant, brittle, or that sort of thing [...] By, um, experimenting with the material -which is [y] , and at the moment they bind it together and use it as matting, but I was trying to do more complicated shapes and things and see what it could do [...] You've sort of got a little idea of what it could do and how you could use it. And so then you go and test that and, you either prove that that works, or doesn't work. And sometimes you sort of find out other things which you just didn't expect, along the way, which is the best part really.
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Y ended up being, in terms of mass, a fairly small part of Inari's design (compared, for instance, with Nicolas's use of z). But y's strength and flexibility, and its profitable application to wood, is in another sense a huge part of the design:
Inari: I identified the most promising ways that I could use [y] to really improve public furniture in different ways. And that was really using it kind of-like a hinge so that it could flex and recline as you sat on it. And that sort of thing as well... the whole aesthetic thing. And then, so, I was basing the form around that [...] The [y] is only a very small part of it, like it -it sort of -it allows it to do everything that I wanted the [y] to do.
How then do these designs, and these designers, 'do materiality'? Firstly they focus in on specific materials: they engage with them in their specificity. Z and y are decisive influences upon the objects which will emerge from these processes, in that the way these materials behave is incorporated into the design. A strong understanding of materials will always be important for designers ("When in doubt, Make it stout, Out of things you know about" (Ullman, 1992:199) ), but the students use of novel materials bring this relationship better into focus. There isn't the tacit understanding of these materials, and they have not been rendered simple and predictable via handbooks (eg. Budinski, 1979; Lesko, 1999) . For Nicolas and Inari the design process is one in which these materials must be tested repeatedly. There is a back and forth between concept and material: conceivable objects must be related back to these materials, which may, in the end, preclude their existence. In other words, as z is better understood, the range of good z-made chairs is altered. The differences between z and everything else, or between y and everything else, become points of difference in the objects into which they are incorporated. (In some modest sense we could even think of them as formal causes -Nicolas's chair will take some form, rather than some other, in some strong measure as a consequence of z.) For instance there is a sharp dipped curve between the seat's pan and its back which exploits z's flexibility. It is aesthetically pleasing and ergonomically sound, but most crucially it is a z-ish curve. In encounters with the material a select range of specifically z-ish chairs present themselves, and this curved device was amongst them. As these materials are scrutinized a specific range of objects are delineated.
Designing with Bodies
Este is working on a three-wheeled cycle. Much of his work has been in the form of sketching and the production of small scale-models ("for aesthetics"). And the aesthetics are certainly coming along nicely. The cycle, on paper, is all sleek lines and fast curves. But at this point in his design process he seems to have regressed somewhat, because he is spending most of his time working with a fairly ugly, angular, wooden frame (figure 2). He explains that this is an 'ergo-rig'. With it he is able to conduct various experiments in which people are able to 'ride' his cycle. The ergo-rig allows Este to discover how bodies interact with his cycle, and to alter his design accordingly. Primarily he is interested in establishing the degrees to which the structure of the cycle should be adjustable, and where such variables should lie (the variables "that make a difference"). The first part of this problem is the easier -there is anthropometic survey data and standard degrees of accommodation.
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The second problem -establishing what parts of the structure should vary -is more complex. But with the ergo-rig he is able to trial various movable parts with a wide range of bodies. As mock users ride the rig he can see what parts need to be adjusted, what parts need to be adjustable, to what degree, and where. Through this "structural evidence" a number of important moving parts in his cycle's frame will emerge.
Nicolas has also been engaged in ergonomic testing. He has made a number of seat-backs and separate seat-pans out of polystyrene (figure 2), and has tested various combinations against various bodies. Such tests are only really indicative (his material -z -will behave differently to the polystyrene) but still serve to suggest certain lengths, certain curves, certain depths... and of course to preclude others. Again we see a movement in which the designer engages in a more or less experimental relation with the material world -with singular materials, with the means by which they are assembled, with bodies -and through this engagement a specific range of design possibilities are raised and another set discarded. 
The Realism Inherent in Design Practice
There has been a fairly repetitive theme in these snippets of the design process. They have all pointed to situations where specific knowledges are acquired and incorporated into the production of an object. Often through direct experimentation (but also, on occasion, through the testimony of experts) an increasing understanding of materials and bodies are produced, and so the emerging product is better understood in turn. More importantly the examples I have offered center around material entities, and suggest a movement in which, as knowledge about these material entities increases, design freedom is lost. There is a seemingly limitless expanse of curves and angles which could be deployed in the seat-pan of a chair. But after experimenting with z -after learning how it bends and curves, how it contorts before various weights, to various degrees, when molded into certain angles -Nicolas found himself dealing with a much narrower range. Este was uncertain as to where to place adjustable parts on his cycle -he had ideas of course, but too many. But after fifty people had sat in his ergo-rig his options had decreased down to a manageable few. The movement I am pointing to is depicted in figure 3. And what is so instructive about this movement, this closing off of the possible, is how thoroughly realist it is -how at odds it is with ANT's relation-processual ontology. There were relations of course: relations among, say, Nicolas, a vice and a sample of z; among Este, a user and his ergo-rig. But these relations were accepted as very much external. They did not reconstitute those particulars, they reconstituted the design. Of course the final product is being constructed, but the means of its fabrication, the character of the materials which would constitute it, or the bodies of those who would use it, are not. The designers' relations with these entities were ones characterized by sincerity (Harman, 2002:238-243; Levinas 1988 ); a sincerity which grants the particular a being; which takes it as "real to the extent that it is in its own right" (Zubirir, 2003:40) . Indeed the arc of figure 3 is completely underwritten by a materiality quite divergent from that in which ANT trades.
Inari picks up a large piece of y and considers its possible application as a flexible hinge between sections of a bench. As her tests progress, it becomes apparent that when supporting certain weights, at certain angles, y fails. And so in line with the movement I have been describing in figure 3 , these experimental encounters now leave Inari with a narrower range of possible objects (certain bench-back weights are now precluded, certain strains on the y component will be avoided...). The material (y) becomes in some sense explanatory of some possible-benches' failure, in as much as facts about y explain why one cannot make these particular benches. It is apprehended, analytically speaking, as the feature characteristic of some set of possible worlds in which a certain bench-back weight is unfeasible. And the second we are capable of speaking in this manner (or rather -as the designers do -acting in this manner), we have left behind the sort of ontological holism to which ANT is committed. For an entity to be a feature characteristic of some happening across a number of possible worlds requires us to imagine that particular (a clump of Inari's novel material) maintaining its identity across those differing worlds (which is, of course, just another term for differing contexts or networks) and furthermore to imagine it as carrying the same qualities, attributes, or properties (the ones which ruin the bench) too. Exactly how sincerely we should approach an entity -how free it is from the sinewy rhizomal réseaux (Latour, 2005a:129) 
, how much of its behavior inheres to it in its own right -is demonstrated in such unassuming experiments.
ANT's pseudo-Saussurean anti-essentialism and its nominalism fail to capture the practical metaphysics elaborated in such a testing regime.
Again, when bodies and polystyrene seat components are repeatedly related, and their respective fits acknowledged and incorporated into an emerging design, the experience is one of -in the long view -making a chair. But locally it is very much an act of finding out about both. A body confronted by eight seat-pan mock-ups is the same body on each. The mock-ups too, must maintain their identity through collusions with different bodies. Various combinations of the two (bodies and chair-parts) are in no way seen as multiplying. We may say different things about different combinations, but this is very much perspectivalism -we are creating new sentences about the same thing ("this one is much more comfortable... have you tried it with that back?"). If this were not so the entire ergonomic experiment would collapse. It relies on the integrity of the chairs and the bodies and on their steady covariance, predicated on their capacity to move unchanged through various iterated combinations. Certainly when one precludes the possibility of designs a, b and c by setting aside unpopular seat-back eight, one does so in the sincere belief that it is not somehow changing in its trip from a co-worker's back to a rejects pile on a nearby bench. The mock-up is rejected as what it is in its own right. We reject its intrinsic qualities because of their failure to play well with the equally robust properties of this or that body. Contra ANT there is no construction or multiplication of entities here. We are finding out about chairs, bodies and their interactions. While there is a proliferation of articulate propositions regarding backs and seats and legs and such, for the ergonomic experiment (or, say, for a perfume training session) to work this must be a linguistic affair grounded in a more or less indifferent context-independent range of entities.
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And what this general practice of exploration and discovery grants material particulars, as a necessity, is being. Something like what Harman (2002) misleadingly calls 'tool-being'.
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What tool-being designates is a substance: not one predicated on a billiard-ball metaphysics, but on a recessive 'subterranean' nature which recedes from all relations. For Harman Heidegger's vorhandenheit (presence-at-hand) , designates all relations; from those of a detached human perceiving a broken hammer, through to the brute causality of raindrops hitting a tin rooftop. Zuhandenheit (readiness-to-hand), although traditionally read as a specifically human mode of engagement with a certain class of objects (tools), becomes a term designating a crucial dimension of all entities: their reserved, singular, hidden being. It designates a life for material things beyond the networks of relations in which they are implicated. What makes tool-being so necessary for a practice of discovery is that, without depths untouched by relations, little would be gained by subjecting the material to such trials. For example, imagine if Nicolas was to take a sheet of z, and lock it into a vice. If we take ANT's relational holism seriously, we would have to think of this piece of z as being exhaustively characterized by the relations in which it is currently embedded. In other words it would be without inherent qualities, reducible to its present encounter with vice, air, designer etc. But then, let us imagine that as part of his tests he begins to saw at the sheet with a hacksaw. It begins to tear, giving way to the blade. Something is now happening to the sheet of z which has never happened before -it is cut down the middle. Now what is crucial here is that it is not the relations in which z is embroiled which are cut -we are not sawing through the negative semiotic imprint of vice and air and Nicolas etc... This is clear because we are achieving something with the saw which those other entities could not. We are cutting z, not z as previously encountered by vice, air, sunlight etc. For the new relation with the hacksaw to be able to elicit a novel response from z relies on z holding something of itself in reserve from the entities to which it previously related. (This formulation is adapted from an example of Harman's (2002:230) .) In other words, for change or novelty to occur at all -for a mode of discovery to be possible -entities must have secrets (like z's sawability) held in reserve from whatever networks of relations they might find themselves in from moment to moment. Or as Heil (2003:109) puts it: "Imagine a world consisting of exclusively of particulars whose nature is exhausted by relations these bear to other particulars... Would such a world differ from a world consisting of a static, empty space?". 
Designing with Substance
All of this comes together in the way these designers use physical models or mock-ups in relation to sketches and computer aided designs. Chris is designing a table with special compartments.
His table is littered with fairly flimsy 1:10 scale models (figure 4). These have been very useful so far, providing a relatively quick and easy means of trialing broad ideas about structure. They allow Chris to cut broad swathes through the thicket of possible tables:
Chris: Well I started with just an idea at first; and this was a way of developing it really. You find out what can't work, what will work, really quickly. So down the track I'll know... that yip, so that joint will do well... in the whole situation.
These small prototypes have a specific and important role in the design, as do sketches and computer models. But there are, by all admissions, dimensions of the emerging table which they do not capture. They tap some of the dimensions of the recessive substance of the Like it is cool to do little representational models but-because yeah it is quite easy to get it built up on the computer and then get it made up by a machine. But yeah... it's still much better to get it done up on a full scale. And plus so, it's just more realistic really. Because you get real materials.
To really understand his table will require a 'more realistic' view. That sort of view is provided by touching actual materials, manufactured as they actually will be, at actual scale, with an actual body. To really understand requires sincerity and substance. Jon and Taira lament at length the gap between the offerings of a sketched or computer-modeled design and those of a substantial prototype. The problem that keeps appearing is that of a discrepancy between the object as conceived as a bundle of co-ordinates and angles -a seemingly contingent assemblage of idealized elements -and the substance which will eventually confront them:
Jon: Well that's one thing that helps with actually making it real-like that backpack that I made actually looked completely different on the computer to how it looked in real life. Taira: Well materials the big thing! You can't draw or render materials. You don't know what they are.
Jon: You canTaira: And like oh! And the other big thing is like you can, you can make a shape, and you can render it on the computer as metal, but that doesn't mean you can make it in metal. And you can, you can do whatever you like on the computer but it doesn't-it can't be real [...] You're loosing the reality of the process.
Jon: Materials are more than just aesthetic, materials are like -if your trying to combine two pieces of metalTaira: -well some metals, the further away on the periodic table they are, the um, worse they react with each other. So you can't necessarily, put two pieces of metal together... because they'll start, well one will just eat the other away. But that-that wont happen on the computer. (The process they are referring to is Galvanic corrosion, and it demonstrates well the point made earlier. If a cathodic metal begins gnawing away at a more anodic counterpart it is the metal itself which is corroded, not the metal as previously delineated by some network. That is, the potential for corrosion is one facet of the being which it held in reserve from its previous uncorrosive relations.) I ask them to elaborate on the backpack example. Jon rummages through some boxes before bringing out a prototype (figure 5):
Taira: See that backpack, well you could draw, you can draw that a million times, as much as you want, but you're never gonna really know what it's like to go over a body, what the straps gonna look like. You can [deduce] what they're gonna look like, but you never know what it's gonna feel like on your skin.
Jon: -how the pockets are gonna work.
Taira: You don't know that until you make it. And once you've made it you can go back to your computer model and change it. Or you can go back to your drawings and alter it.
INTERVIEWER: That's been coming up a lot in these -the ergonomics thing, the testing for ergoJon: Well that's like-because we deal with-but it goes beyond just the ergonomics in the sense that it fits nicely, or it's comfortable becauseTaira: It's detail.
Jon: Yeah it's about the way that two differentTaira: I mean you can draw what materials look like but you can't draw that, Solidworks that [indicates a webbed material under backpack's strap]. I mean you can draw a zipper on the bag, but a drawing of a zipper is gonna look completely different to how a zipper is gonna be put into the bag and... These designers' encounters with more substantive incarnations of their designs seem to present, if not a 'shock of the real', then certainly a 'surprise of substance'. It is arguable that more experienced designers will not have such experiences as often -their deeper implicit knowledge of materials and bodies may prevent them from making design choices which run up against the stubbornness of substance. But being able to avoid conflicts with such a stubbornness makes it no less stubborn. What we have here is very much a practice predicated on the experience of the realness of the material world: on its insistence on a certain range possibilities at the expense of another. These designers are 'doing' a realistic materiality which, suitably elaborated, we can think of in terms of:
A reservedness. Individual entities, although they relate with others in interesting ways, do so 'in their own right'. That is, some of their nature is held in reserve from whatever relations they may be embroiled in at this or that time. They are not exhausted by networks.
A discretion. As a consequence of this individual entities are discrete. They can never be swallowed up by their contexts because their reserved inherent qualities mark them out as separate.
A sincerity. A further consequence of their reservedness is that encounters with such particulars are characterised by discovery. Reshuffling our relations with entities does not multiply or alter them as much as it taps into new sections of their reserved nature. And so a language of finding is most appropriate to such encounters.
An independence. Because of their reservedness objects need not be predicated on effects. They can be granted a life outside syntagms of human action.
A weight. I think most crucially for social theory, these designers throw into stark relief the capacity of the material to distinguishing between the possible and the impossible. In other words, material entities allows certain happenings and preclude others.
Recovering Substance
At the beginning of this paper I suggested that the radical holism of ANT's ontology is in part a consequence of the intellectual climate in which it was born. As Harman (2002:230) puts it, intellectuals in recent decades "have gotten very much into the habit of poking holes in all remaining versions of the old substance-concept, and measuring their own critical liberation by the extent to which they are able to do so". Faced with the twin perceived threats of, on the one hand, a naive scientific materialism content to reduce the material world to a deterministic collection of dead particles, and on the other, an equally naive sociology of science and technology trading in a world of centered disembodied subjects who talk, look, agree and believe, but never get their hands dirty; it is not difficult to see the utility of ANT's ontological project. But as Harman (2002:184) notes, these are ideas "once but no longer liberating. It is an idea that fights the last war instead of the next one". Now that such relational thinking has succeeded at complicating those various chunks of social and material stuff, which once looked so commonsensical and necessary, it is time to start taking stock of what has been lost in such a venture. The point is not to be reactionary, but to acknowledge that only part of a story has been told. Reinventing our ability to talk about the substantive dimensions of entities is, I believe, the next important project for an ontologically minded social theory.
That is to say, a sociology of science and technology requires an understanding of the material world which is at least as rich and complex as that employed by those they study. And the angle from which these designers approach that world, with its realism and its respect for substance, deserves a place in such an understanding. We need to take these dimensions of the material as seriously as these students do if our accounts are to have the same ring of sincerity. It needs to be felt in such accounts that the material world has a resistance and a reticence which can never be fully muted by the contingencies of our local practices and network building enterprises. The material weighs in decisively. It is not a mere bundle of relations whose reshuffling is constrained only be our ingenuity. Or rather, such a relational perspective taps into only one aspect of the material world. The 'deep' and 'heavy' material which we have focused on needs recognition.
Exactly how this might proceed is something of an open question. One path towards achieving this would be to recognize the movement in figure 3 as a more generic moment in material life. That is, just as the designers practiced a material which constrained their range of design choices, we all experience the material world as possessing modal weight. Material things serve to designate the possible, grounding some actions and precluding others. They help to establish and delineate the range of possible worlds to which we have access at any one time. Now in a way this is a notion not too far removed from ANT's early concerns. When Callon and Latour, in a key founding statement (1981:286-287) , attempt to define an 'actor' they designate:
Any element which bends space around itself, makes other elements depends upon itself and translates their will into a language of its own [...] This definition overlaps fairly well with the notion of modal weight. It is just another way of saying that, in as much as an entity is real -existing in its own right -it will show itself as a feature characteristic of worlds in which certain events occur. The entity will demonstrate a modal weight which causes relative possible worlds to apprehend it as necessary. Equally it will foreclose access to other possible worlds. To the degree that we actually engage with that entity, we will be unable to take certain paths. Although the language is perhaps a little more 'analytic', this is very much in keeping with ANT's 'sociology of translation'.
The crucial difference is that I believe such modal weight -such 'bending of space' -is an epiphenomenon of substance. It is what resides in the reserved underbelly of entities, not in their relations with one another. When Law (2002b:92) says that "in ANT the possibilities of the world are constrained, but contingently so" I find this just a little too easy, a little too light.
14 The weight is there but it is not located. The sincerity is absent, and we still have an image of lines of force which require only local networks and practices for their existence. Gibson's (1979) affordance fares much better on this point. 16 Although employed to describe relations (between organisms and the world) affordances are still viewed as more a less inherent qualities of entities. Even if a particular affordance is never articulated in practice it never the less exists as a potential (Keil, 1999:5) . Here the modal weight -the lines of force and bending of space -is properly located beneath local relations, in the internal relationindependent substance of things. Objects are granted the capacity to set "the limits to what is corporeally possible [without determining] the particular actions which humans may engage in" (Urry, 2000:204) .
Whatever analytic device is chosen, recovering substance from the wreckage of the 'last war' is a worthwhile project. And doing so in a manner which keeps hold of what is still 'liberating' in ANT's approach to social theory is a necessary one. 17 Whether this involves some adaptation of affordance, a sterner notion of translation, more of my tedious possibleworlds talk, or some completely new contrivance, I am certain that the result will be accounts in the Actor-Network tradition which better capture the interesting, recalcitrant, 'fullblooded' contours of the world. much as the material suggests this design rather than that. And in any case there is, as Constant (1999:330-1) notes, still a major asymmetry between the feasible and unfeasible: that something is possible in no way means it will be done; that it is impossible means that it certainly will not. The former charge -that my account is an impoverished description of the design process -I am happy to concede. My intention is not to tell designers how they work, or to contribute concepts to a theory of design. My intention is to abstract from the work of these designers a lesson about materiality. 11 If not there would be no way of judging the sensitivity of the covariation between them (which is what the notion of articulate propositions boils down to) -how could a proposition be judged inarticulate if there are no pre-existing distinctions to be missed? 12 The term has nothing to do with tools except that the notion is elaborated through a re-reading of Heidegger's 'tool analysis' (Heidegger, 1962) . 13 Again, intellectual property prevents a more detailed description. 14 The same 'light way out' can be seen in May's interpretation of Deleuze: "rather than take Deleuze's (periodic) tack of positing Being as difference, I suggest that we can have all the ontological differences we need if we are more austere in our ontology. Instead of seeking Being itself and requiring of it that it contain all the differences that we would like to see instantiated in our world, we can turn directly to the practices in which people are engaged. Practices are a rich source of ontological posits; differences abound in different practices. Thus, by jettisoning the project of a philosophical ontology, we open the way to the kinds of ontological differences Deleuze commends to us." (May, 1997:18) . 15 I have same problem when considering Latour's experimental localism. Science's regularities, generalizations, and universality are seen as the consequence of extended networks of technical relations, but if substance has the modal weight I suggest then this may not be the case. If the substance of entities can restrict our access to possible worlds 'in its own right' then laws of nature may be more or less necessary, and the practices and networks in which they appear more or less contingent. In other words, the substance of the world may establish a 'nomological modality' (Divers, 2002 :4) -a constraint on what is possible which no changes to networks or practices can defy. And if this is the case the generalisation of Newton's laws begins to look very different from the exporting of cheeses (Latour, 1988b:227) . That is, there are many different actually-possible worlds in which we ship cheeses, or do not ship cheeses. And there may be many in which we demonstrate laws of nature via costly local networks of instruments and expertise (or choose not to). But, in this view, there may still be none in which we actually act counter to those laws. If we accept that the material weighs in decisively, restricting what is possible, then we have to admit the possibility that it is exactly such restrictions which the scientist's 'laws of nature' capture. And if that is the case then they require no networks to travel. 16 Gibson, a psychologist, offered affordance as a means of coupling perception and action in accounts of an organisms engagements with the 'outside' world. Certain material entities, in this view, suggest certain responses, with the affording world, perceiving mind, and acting body "conjoined into a single dynamic unit... things in the world exist as... collections of features that 'afford' (or support) some specific response" (Baber & Barber, 2003:54) . It has gained some sociological currency, and is sometimes invoked as a counterweight to ANT-style accounts of human-technology relations. See for instance Hutchby (2001) ; or compare Lupton's (1999) and Dant's (2004) accounts of driving. 17 And there is still much liberating in ANT's approach. Unlike many realist caricatures and criticisms of ANT, mine is done with affection.
